Obstetric acute renal failure (ARF) is a serious condition which can occur in different phases of pregnancy. Its materno-fetal outcomes hence remain as a critical pregnancy-related complication in both developed and developing countries.
Introduction
Maternal mortality has significantly decreased over the last decades. Obstetric acute renal failure (ARF), known as pregnancy-related acute kidney injury, is a rare and potentially life-threatening complication of pregnancy (1, 2) . The incidence of ARF during pregnancy has diminished in both developed and developing nations (3, 4) , with the incidence of 2%-8% in developed nations and 4.2%-15% in developing countries. It has been recently reported that the insistence of ARF of pregnancy has reduced due to the prenatal care (5, 6) . However, this issue is associated with enhanced morbidity and mortality rates (2) . Major risk factors for obstetric ARF include chronic hypertensive disease, pre-eclampsia, postpartum hemorrhage, antepartum hemorrhage, sepsis, and other infections (7) (8) (9) . Obstetric ARF has a bi-modal distribution, one peak occurring during the seventh and eighth weeks of pregnancy (first trimester) mostly as a result of hyperemesis gravidarum (HG) and a second peak occurring during the 32nd and 36th weeks of pregnancy (10) . Common cause of obstetric ARF during the first half is septic abortion (SAB) and abruptio placentae (ABP) or pre eclampsia have been introduced as the causes of second half of pregnancy. Obstetric ARF occurs in post partum period due to hemolytic uremic syndrome (HUS) (6) . Moreover, renal cortical necrosis remains a terrible complication of obstetric ARF with highly rate of morbidity and mortality (2) . Management of obstetric ARF requires knowledge of the renal physiologic changes occurring in pregnancy and the relevant diagnoses, both pregnancy-specific and those that may coinci dental occur with pregnancy. Ideal medical care of these patients needs a multi-disciplinary approach considering maternal and fetal risks and timely specialist Acute renal failure (ARF) is a major medical problem during pregnancy with maternal and fetal outcomes. While the trend of pregnancy-related ARF is on a decline due to the advances in obstetrics care and the legality of abortion among developed countries, this situation remains one of the serious health problems in the developing nations. This review aims to evaluate the current studies with regards to pregnancy related ARF pathophysiology, risk factors and treatment. PubMed, Embase, Scopus and directory of open access journals (DOAJ) databases were searched to obtain the information. Most of the studies in this review were conducted in observational, both prospective and retrospective studies. Results demonstrated a variety of major pregnancy-related ARF causes including obstetric hemorrhage, hypertensive disorders in pregnancy, sepsis, thrombotic microangiopathy and acute fatty liver in pregnancy. Aside from awareness of the pathogenesis of pregnancy-related ARF and its risk factors, understanding the physiological renal adaptation during pregnancy is essential for early detection, diagnosis, and proper management to prevent the pregnancy related complications.
involvement. In this review, we aimed to investigate the renal function during pregnancy, obstetric ARF and its pathophysiology, risk factors and management.
Methods and Materials
For this review, we used a variety of sources including PubMed, Embase, Scopus and directory of open access journals (DOAJ). The publications investigating the occurrence of acute renal failure during the pregnancy were included. The search was conducted using combinations of the following keywords and or their equivalents; Acute renal failure, pregnancy, outcomes, Risk factors.
Physiology of kidney during pregnancy
Normal pregnancy accompanies a number of physical and psychological changes. The urinary tract is a system that demonstrates remarkable alterations in both anatomy and physiology. Understanding these changes is crucial in evaluating renal diseases in pregnant women. Initially, the size of the kidney increases by 1.0-1.5 cm in length (11) . Primarily, the change is in the collecting system (11) . This is the result of tissue hypertrophy (12) , renal vascular and interstitial space expansion (13) . The renal pelvis, calyces and ureters are also dilated, expanding to the pelvic brim (11) . It is postulated that nearly 90% of normal pregnant women develop physiological hydronephrosis (12) , with more pronounced dilatation noted in right kidney (12) . This is probably due to the dextrorotation of the uterus and dilatation of right ovarian venous plexus (11), as evident from ultrasonography (12) . In addition, the gravid uterus causes partial extrinsic mechanical obstruction of the urinary tract (12) . The progesterone hormone directly exerts its effect on smooth muscle relaxation (12) (13) (14) , while prostaglandin E2 inhibits ureteric tone and peristalsis (13) . All of these changes lead to urinary stasis, increased risk of bacterial overgrowth, and urinary tract infections (11) . These anatomic findings persist up to 12-week postpartum before returning to pre-pregnancy state (11, 14) . Regarding kidney hemodynamics, renal plasma flow elevates by 5%-70% (13) , and can reach up to 85% in the second trimester (13) . After conception, the glomerular filtration rate (GFR) increases continuously and the increment can be up to 25% at the 4th week of gestation (12) . It reaches a peak at 65% increase from the baseline at around the 13th week of gestation (13) . This consequently leads to hyperfiltration state, providing other physiological changes such as an increase in uric acid clearance, increased excretion of calcium, glycosuria, increased filtration of amino acids, and increased creatinine (Cr) clearance. In addition to a diminished blood urea nitrogen (BUN) level (15) , serum Cr considerably falls to a pregnancy range of 0.4-0.8 mg/dL (12) . Hence, a serum Cr level of ≥1.0 mg/ dL, though within a normal limit in general population signifies renal impairment in the pregnant population and prompts further investigations (13).
Obstetric ARF; incidence and definition
The incidence of obstetric ARF is a common issue in the developing countries (16) . Recently, this incidence reported to be reduced because of decreased septic abortion and improved caring services (5, 13, 16, 17) . It has been recorded that the occurrence of obstetric ARF has diminished to 1 in 18 000 in developed countries since the 1960s (4). Socioeconomic factors contributing to obstetric ARF in the underdeveloped countries are mainly due to poverty, poor obstetrics care, lack of proper healthcare facilities and awareness of the condition, delayed referral process, multi-parity, and the increasing population proportion (12, 15, 18) . Pregnancy results in important alterations in acidbase, electrolyte, and renal function due to pregnancyassociated physiologic changes in renal and systemic hemodynamics (19) . According to the introduction by Kidney Disease; Improving Global Outcomes (KDIGO), acute kidney injury is defined if an enhance in serum Cr more than 26.5 μmol/L within 48 hours (20) . Nevertheless, during gestational time, increased renal blood flow directed to glomerular hyperfiltration accompanying by a lower serum Cr value. Therefore, the normal values in the non-pregnant situation can define as an abnormal value in pregnancy (21) . Obstetric ARF was defined if the level of serum Cr was more than 70.72 umol/L in cases without chronic renal failure (19) . Chronic kidney disease (CKD) was defined as presence of any indicators for renal disease containing dropped kidney function (GFR <60 mL/min/1.73 m 2 ), proteinuria, hematuria and/or kidney pathological damage for at least three months (22) . In chronic renal failure patients, ARF was characterized as a 50% increase in the level of serum Cr versus baseline (20) . Obstetric ARF bears a high risk of bilateral renal cortical necrosis and consequently of chronic renal failure. Renal cortical necrosis is an unusual entity and estimated for only 2% of all patients with obstetric ARF (6) . From early pregnancy, augmented kidney blood flow directs to an increase in the filtration rate by more than 50% (21) . Alterations may persist for up to twelve weeks postpartum. Normal plasma Cr falls to 44 umol/L and any value above 70.72 umol/L should be considered abnormal (19, 21) . Under-recognition of ARF and a delayed diagnosis might lead to underestimating the frequency of ARF during pregnancy and puerperium. In a previous investigation on a Chinese population, 70.72 umol/L was applied as the cut-off value for abnormalities in pregnant women. Seventy-five cases (2.51%) of ARF were identified in 2988 adult pregnant women (23) .
Risk factors of obstetric ARF
Severe hyperemesis gravidarum and obstetric ARF Severe hyperemesis gravidarum is one of the rare and potentially devastating complication during the pregnancy. It is known that pregnant women commonly exhibit mild to moderate nausea and vomiting until 16 weeks, and these symptoms are frequently self-limited. According to the literature, about 0.5% to 1% of all pregnancies present with severe vomiting and nausea followed by the reduced body weight by more than 10% (24, 25) . The multifactorial features are involved in the pathogenesis of hyperemesis gravidarum and may be related with high levels of hormone of serum such as progesterone, estriol, thyroxine, human chorionic gonadotropin (HCG), leptin and ghrelin in pregnancy (26, 27) . Hyperemesis gravidarum may be associated with many potential complications such as dehydration, hypotension, malnutrition, ketosis, alkalosis from loss of hydrochloric acid, hypokalemia, hepatic and renal dysfunctions and Wernicke encephalopathy during pregnancy. These complications may be fatal to both fetus and mother (28, 29) . In addition, women with hyperemesis gravidarum are vulnerable to higher levels of free T4 and lower TSH of serum (7) . As well, it has been suggested that women with hyperemesis gravidarum are at the higher risk of developing related disorders of placenta including preeclampsia, placental abruption and small for gestational age (SGA) (30) . The women with severe hyperemesis gravidarum are at risk for obstetric ARF due to the dehydration and severe intravascular volume depletion in association with severe nausea and vomiting (31) . The Obstetric ARF arising from severe hyperemesis gravidarum is unusual but have been investigated in different case reports. In a study by Hill et al, a 21-year-old woman at 15 weeks' gestation refereeing to the emergency department with severe hyperemesis gravidarum associated with obstetric ARF was recorded. Her BUN and initial serum Cr were 171 mg/dL and 10.7 mg/dL, respectively. To manage obstetric ARF, daily hemodialysis was performed for 5 days. The function of the kidney returned to a normal state following the hemodialysis (32) . In a similar study, Shim et al recorded a 20-year-old woman who presented to the emergency department with severe hyperemesis gravidarum associated with a loss of kidney function at 25 weeks' gestation. Her initial serum Cr and BUN were 5.0 and 45.9 mg/dL, respectively. The patient underwent hemodialysis for three days and achieved a subsequent recovery of renal function. Presence of case indicates that clinicians should be aware of the possibility of acute kidney injury associated with severe hyperemesis gravidarum although it is rare (33) . Thus, to control the subsequent disorders, the severe vomiting and nausea should be considered during pregnancy.
Septic abortion and obstetric ARF
Occurrence obstetric ARF is traditionally described in the early trimester of pregnancy due to septic abortion (34) . Over the last few decades, the etiology of obstetric ARF has changed. In the late 1970s, septic abortion has been introduced as the main cause of obstetric ARF (35) . Patel et al (36) , (41.7%), Kilari et al (37) , (39.02%) and Goplani et al (6) (61.42%) showed that septicemia was the commonest cause of obstetric ARF. In a study by Altıntepe et al in the central Anatolia, a declination of obstetric ARF was in relation to the reduction in septic abortion by 30% in the last 20 years (38) . This reduction was due to the improved socioeconomic situation, early detection of obstetric ARF and management of obstetricrelated complications. The proportion of ARF secondary to septic abortion has decreased from 33.3% to 1.8% over the past 20 years (39). However, according to some studies, septic abortion has been reported as the most common reason for obstetric ARF. Najar et al showed that septic abortion was accounted for 50% of patients with obstetric ARF (75% occurred in the first trimester and 25% in the second trimester) (17) . A study carried out by Rahman et al in Bangladesh, illustrated similar results that septic abortion was the main cause of obstetric ARF (16) . In addition to absent or irregular antenatal care, home births (36) and low education (16) , the majority of cases with obstetric ARF were from rural areas where abortions were done by local village practitioners or traditional birth attendants (40) or untrained midwives (17) . Additionally, Utaş et al investigated 149 patients who had suffered obstetric ARF during septic abortion. The important cause of obstetric ARF was bacterial shock (85.2%). In this study combating shock, stimulating diuresis, blood transfusions, and early cleansing of the uterine cavity were performed to management and treatment of this disease in the prophylaxis. They reported that 69.1% of the cases recovered, but 39.1% died. Follow-up investigations in 79 patients revealed that obstetric ARF was later complicated by chronic pyelonephritis (39) . They reported that 69.1% of the cases recovered, but 39.1% died. Followup investigations in 79 patients revealed that obstetric ARF was later complicated by chronic pyelonephritis (39). Munib et al (34) noticed that pregnancy induced hypertension was the commonest cause (54.54%) of obstetric acute kidney injury in their study. Their study also had 9 patients with hypertension when referred for dialysis. Whether the hypertension was pregnancy induced or a complication of renal failure was unclear.
Abruptio placenta and obstetric ARF
Abruptio placenta is known as the premature separation of normally implanted placenta, either partially or completely. Both are the main causes of maternal morbidity and perinatal mortality globally and it is of serious concern in the developing countries (41, 42) . Dambal et al investigated the obstetric ARF in a three-year study at a medical college hospital in north Karnataka, India. Their results showed that the commonest resound of obstetric ARF was abruptio placenta (9 cases) (43). Aishwarya et al reported a 32-year old woman at 33rd weeks of gestation with mild anemia and preeclampsia.
She was treated with antihypertensive drugs and kept under observation. Four hours after admission, she had increased abdominal pain and examination revealed scar tenderness. Although the emergency segment Caesarean section was performed in view of threatened scar rupture, the intra-operative finding was abruptio placentae. Three hours after operation, obstetric ARF was developed. The underlying causes for obstetric ARF were detected mild abruptio placenta, preeclampsia and pre-existed anemia (44) .
Hypertensive disorders of pregnancy and obstetric ARF
The hypertensive disorders of pregnancy (HDPs), chronic (or pre-existing) hypertension, gestational hypertension and, especially, pre-eclampsia, remain leading causes of maternal and perinatal morbidity and mortality as well as identifying individuals at increased risk for obstetric ARF (45) . Hypertensive disorders of pregnancy are reported as common cause of obstetric ARF during the first half of pregnancy (6) . Hypertension during pregnancy has been known as a systolic blood pressure (BP) ≥140 mm Hg and/or diastolic BP ≥90 mm Hg (45) . Severe hypertension is defined as systolic BP ≥160 mm Hg (instead of 170 mm Hg) as that level of systolic BP reflects stroke risk (45) (46) (47) . Although the rate of hypertensive disorders of pregnancy has not changed substantially in recent years (48) , there have been significant changes in the controlling of hypertension during pregnancy (49) . In particular, guidelines promoting fluid restriction to prevent pulmonary edema or changes in drugs for control of hypertension in combination with changes in pain management may have had a secondary impact on increasing the obstetric ARF through hypovolaemia, renal hypoperfusion, or nephrotoxicity (49-51). Pre-eclampsia was characterized as a presence of two signs; proteinuria and hypertension after twenty weeks of gestation. As well, eclampsia was known as existence of pre-eclampsia and seizures. HELLP syndrome (characterized by hemolysis, elevated liver enzymes, and low platelet count) has been characterized by hemolysis, elevated liver enzymes, and low platelet count in existence of pre-eclampsia (52) . HUS was identified as existence of hemolytic anemia, ARF and thrombocytopenia (53) . Numerous studies reported this condition as the most common cause of obstetric ARF (11, 54, 55) . The maternal mortality rate was reported between 6% and 30% (56) . Predilection of hypertensive disorders of pregnancy peaks at two settings; young primigravida and older multiparous women. Spectrum of hypertension disorders of pregnancy can be classified into five categories; chronic hypertension, preeclampsia, eclampsia, gestational hypertension and preeclampsia superimposed on chronic hypertension. Among these entities, studies revealed that preeclampsia and eclampsia accounted for most obstetric ARF cases. Hypertensive conditions in pregnancy occur in about 7% of all pregnancies and it remains the leading cause of maternal-fetal mortality. It is also associated with intrauterine growth restriction and small for gestational age babies (11) . Preeclampsia is defined as the new onset of persistent hypertension (systolic BP ≥140 mm Hg or diastolic BP ≥ 90 mm Hg) accompanied with proteinuria > 300 mg/d, after the 20th week of gestation (57) . Eclampsia is defined as preeclampsia with the presence of seizure (5) . Etiologies of preeclampsia are said to be multi-factorial. Maternal risk factors can be grouped into three major factors: obstetric factors, co-morbid factors and genetic factors.
Postpartum hemorrhage and obstetric ARF
Postpartum hemorrhage is known as bleeding more than 500 mL within the first 24 hours following delivery (58) . Occurring obstetric ARF in postpartum period is a specific entity and may be considered as a form of HUS (6) . An alternative hypothesis was related to hypertensive disorders of pregnancy, which represents the most important risk factor for obstetric ARF (9) .
Management and treatment of obstetric ARF
Management of obstetric ARF requires a lot of resources and involves a multidisciplinary team of medical specialists, as well as early detection and prompt intervention. Provision of care should be executed early, timely, and correctly. Model of obstetric ARF care should be targeted to the following aspects; hemodynamic stabilization, maternal and fetal monitoring, and treatment of underlying conditions. Hemodynamic status can be optimized by adequate fluid replacement to correct volume deficit, electrolyte correction, control of bleeding, and blood transfusion when is necessary (12) . BP should also be controlled in hypertensive pregnant women (13) . These could minimize the progression of further kidney damage. In certain situations, renal replacement therapy of any modalities may be initiated. Medical indication for dialysis remains the same as in the nonpregnant populations (12, 13, 15) . Monitoring of maternal BP, renal function tests, and urine protein examination (14) , are necessary and should be performed frequently to early detect any abnormalities. Fetal monitoring can be done by several methods. Evaluation of the fetus at the gestational age of less than 25 weeks is limited to Doppler auscultation. Other more sensitive methods that can be deployed at the later age of gestation comprise of fetal movement assessment, contraction stress test, and biophysical profile (15) . Regular fetal monitoring is helpful in the early detection of fetal distress. Importantly, the underlying diseases should always be identified and treated. For instance, the proper use of antibiotics according to the culture and sensitivity is essential in cases of infection. Fluid and electrolytes repletion is warranted in those presented with hyperemesis gravidarum. Blood transfusion should be rendered to those with massive obstetric hemorrhage. Management of preeclampsia is targeted to BP control, prevention of seizure, and timely delivery (12) . In TMA, treatment with plasmapheresis is proper and efficient to increase maternal survival (13) . In acute fatty liver of pregnancy (AFLP), correction of coagulopathy with blood components, hypoglycemic prevention with adequate glucose administration, and hepatic encephalopathy treatment with low-protein diet and oral lactulose are all essential to stabilize the mother (13) .
Conclusion
Obstetric ARF is a serious condition which can occur in different phases of pregnancy. Its materno-fetal outcomes hence remain as a critical pregnancy related complication in both developed and developing countries. Studies had been performed to evaluate the etiologies of obstetric ARF and results had been extensively varied. The most major causes of obstetric ARF in the early trimester are hyperemesis gravidarum and septic abortion. During the late trimester, common causes of obstetric ARF include hypertensive disorders in pregnancy. In conclusion, prevention is the most effective technique for dealing with this life-threatening situation.
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